we test this hypothesis directly by using a combination of fluorescence lifetime imaging of order sensitive probes with microinjection and selective quenching. Our results show that in live cell plasma membranes, inner leaflet order is slightly, but significantly, lower compared to the outer leaflet. The magnitude of the difference is smaller than expected from compositional asymmetry, suggesting that strong coupling between leaflets in asymmetric membranes prevents high lipid order differentials. We also find that a loss of membrane asymmetry during phospholipid scrambling or apoptosis drastically reduces the order of the plasma membrane and eliminates the order differences between leaflets. Finally, we observe that these biophysical differences are important for cell physiology, as inhibition of lipid scrambling suppresses the functional activation of immune cells. These findings document the biophysical asymmetry of the plasma membrane and suggest an important role for this asymmetry in cell function.
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Formation and Stability of Membrane Necks from Molecular Simulation Rikhia Ghosh, Andrea Grafm€ uller, Reinhard Lipowsky. Theory and Biosystems, Max Planck Institute of Colloids and Interfaces, Potsdam, Germany. In their fluid state, lipid membranes are able to execute a variety of shape transformations. One intriguing example is provided by vesicle budding, i.e., by the expulsion of a small, spherical bud connected to the mother vesicle by a narrow membrane neck. The formation of such necks provides an essential step of many biological processes (cellular uptake, secretion as well as cell division or cytokinesis). In the framework of curvature elasticity, formation and stability of such a narrow neck are determined by local stability conditions, which depend both on the local mean curvature and on the spontaneous curvature of the membrane. However, these conditions ignore the molecular structure of the membrane, which may affect the shape of the neck. Furthermore, because of their locality, the stability conditions cannot describe the overall response of a neck to mechanical perturbations. In order to address these questions, we use molecular simulations to study the neck formation. Budding and neck formation are induced by small solutes such as monosaccharides that adsorb onto the bilayer membranes. If the two leaflets of a membrane are exposed to different solute concentrations, the membrane becomes asymmetric and acquires a certain spontaneous curvature. We start from a spherical vesicle that is exposed to a certain solute concentration in the exterior solution. When we reduce the volume of this vesicle, we observe formation of narrow membrane necks provided the concentration exceeds a certain threshold value. We induce mechanical perturbation using a geometry that resembles micropipette aspiration on the micrometer scale to observe neck opening for which we calculate the associated free energy landscape. Institute for Physics and Astronomy, University of Potsdam, Potsdam, Germany. Cell membranes are complex structures that act as hosts for membraneassociated proteins to form dynamical complexes with lipids and other proteins. The process driving the formation of functional protein-lipid complexes is lateral diffusion where lipids and proteins migrate in the membrane plane in a stochastic but concerted fashion [1, 2] . In protein-poor membranes the diffusion of lipids and proteins is fairly well understood. Experimental studies have provided evidence that for (trans)membrane proteins of radius R, their diffusion coefficient D scales logarithmically as D log(1/R). The well-known Saffman-Delbr€ uck (SD) theory [3] is in line with this picture. However, the challenge is to understand the diffusion of proteins and lipids in membranes of living cells that are extremely rich in proteins. Based on extensive computer simulations we here discuss how crowding with proteins affects lateral diffusion [4] [5] [6] . We show that protein crowding leads to deviations from the SD relation and to the emergence of a stronger Stokes-like dependence D 1/R, highlighting that the lateral dynamics in crowded membranes is significantly different from protein-poor conditions. We also demonstrate how protein crowding gives rise to dynamical correlations observed as anomalous diffusion. Finally, we discuss biological consequences of protein crowding and anomalous diffusion in, e.g., formation of functional multiprotein complexes. 2 RWTH Aachen, Aachen, Germany. Many important biological phenomena are mediated by cell membranes and the shapes accommodated by these membranes. For example, endocytosis involves bending to form a bud or a tube from a flat shaped membrane under the action of proteins such as clathrin or BAR and their coupling to actin pulling forces. Various morphological shapes of membranes are governed by thermodynamic parameters such as osmotic pressure drop across the membrane or membrane tension. Most theoretical studies focusing on understanding membrane bending involve either small deformations about a given configuration or axi-symmetric shape transitions. In this talk, using the recent advancements in theoretical and computational modeling of membranes, we show that axi-symmetric or small deformations are inadequate to understanding the morphological phasediagrams of membranes governed by protein induced spontaneous curvature and membrane tension. In particular, we discuss how axi-symmetric analysis of membranes misguide our understanding and demonstrate that nonaxisymmetric shape transitions are almost always energetically favorable to axi-symmetric ones. We apply these methods to understand the classical endocytosis phenomena in mammalian and yeast cells. With the newly found nonaxisymmetric shapes, we discuss the physical principles governing endocytosis at varying levels of membrane tension.
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2726-Plat Molecular Mechanism of Microdomain Dependent Protein Trafficking
Blanca B. Diaz-Rohrer, Kandice R. Levental, Ilya Levental. Integrative Biology and Pharmacology, UT Health Science Center, Houston, TX, USA. Eukaryotic cells are organized into spatially and functionally distinct membrane-bound organelles, whose functions are defined by their composition. Accurate sorting of membrane components between these compartments is necessary for maintaining organelle identity. For most membrane proteins, the determinants of their steady-state subcellular localization remain unknown. Lateral membrane domains (lipid rafts) provide an ideal platform for membrane sorting processes. However, the structural determinants of protein association with such domains are almost entirely unknown. We developed and characterized a robust experimental system for quantitative measurements of raft affinity in intact plasma membranes and used it to explore the determinants of transmembrane protein recruitment into raft domains. We identified several structural features associated with raft affinity, and established a quantitative and functional relationship between raft association and subcellular protein localization. Specifically, we observed that raft association is fully sufficient for PM recycling of certain proteins, and that abrogation of raft partitioning for these proteins led to their degradation in the lysosomes. These findings support the conclusion that ordered membrane domains mediate recycling of specific membrane components from the endosomal compartments to the PM. We have proceeded to define the molecular machinery that mediates raft lipid and protein sorting and recycling to the PM. Using a set of orthogonal transmembrane proteins as probes of raft and non-raft domains, we developed a high throughput siRNA screen to dissect the molecular machinery and dynamics for raft-mediated sorting. We identified a number of validated hits including known players of the early endocytic traffic (Rab5 and EEA1), but also novel players that appear to define a distinct class of trafficking mediators specific for raft-associated proteins. This pathway is not dependent on the classical recycling pathways defined by Rab4 and Rab11, rather defining a novel route for PM recycling of raft-preferring cargo.
